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“A dúvida é o princípio da sabedoria.” 
(Aristóteles) 
 
  
RESUMO 
A fratura, trinca ou delaminação da cerâmica de cobertura sobre as infraestruturas de zircônia 
estão entre as principais falhas deste tipo de restauração. Um fator apontado como 
responsável por essas fraturas é a tensão resultante do processo de sinterização das 
cerâmicas. O objetivo neste estudo foi avaliar a influência do coeficiente de expansão térmica 
(CET) e da temperatura de transição vítrea (Tg) de três cerâmicas feldspática utilizadas para o 
recobrimento de infraestrutura de zircônia em prótese total fixa. A tensão residual e 
contração linear após a simulação do processo de esfriamento e carga oclusal foram 
mensuradas. A análise foi efetuada pelo método por elementos finitos num modelo 
tridimensional de uma prótese total maxilar com infraestrutura em zircônia (e.max ZirCAD) 
recoberta por três cerâmica felsdpática (Vita VM9, IPS e.max Ceram ou Lava Ceram). A 
simulação da contração linear foi realizada pelo esfriamento da estrutura a partir da Tg de 
cada cerâmica de cobertura até a temperatura ambiente (25⁰C). As cerâmicas de cobertura 
usadas tiveram valores de CTE de 5, 10 e 15% inferior à zircônia. Em seguida, um carregamento 
de 100 N na região oclusal de primeiro molar foi realizado. A magnitude da tensão máxima 
principal ( max) e contração linear foram avaliados. Os níveis de diferença de CTE entre 
cerâmica de cobertura e infraestrutura não apresentaram influência significante na  max  e na 
contração linear. Os valores da Tg da cerâmica de cobertura mostraram ser diretamente 
proporcionais à quantidade de  max  e contração linear. O GEC apresentou os maiores valores 
de  max  e contração linear, enquanto os grupos GVM e GLC não apresentaram diferença 
significante entre si.  Níveis de CTE da cerâmica de cobertura entre 5 e 15% menores que a 
infraestrutura não apresentaram influência significante nas tensões residuais e contração 
linear. A Tg apresentou efeito significante na   max e contração linear. 
 
Palavras-chave: Cerâmica de cobertura. Análise por elementos finitos. Implante dental. 
Prótese total. Zircônia tetragonal estabilizada por ítrio. 
 
 
 
 
ABSTRATCT 
Fracture, crack or delamination of the veneering ceramic on the zirconia framework are some 
of the major flaws of this type of restoration. A factor identified as responsible for these 
fractures is the stress derived from the sintering process of ceramics. The aim of this study 
was to evaluate the influence of the coefficient of thermal expansion (CTE or α) and glass 
transition temperature (Tg) of three veneering ceramics used for zirconia frameworks of full-
arch fixed prostheses. The generation of residual stresses and linear contraction after the 
simulation of the cooling process and mechanical loading were measured. The analysis was 
based on the finite element method in three-dimensional model of a maxillary full-arch fixed 
prosthesis with zirconia framework (e.max ZirCAD) veneer by felsdpathic ceramics (Vita VM9, 
IPS e.max Ceram or Lava Ceram).  The linear contraction simulation was performed by cooling 
the structures from the Tg of each veneer ceramic at room temperature (25°C). The veneering 
ceramics used showed CTEs of 5, 10 and 15% lower than the zirconia. A loading of 100 N on 
the occlusal region of the first molar was performed. The magnitude of the maximum principal 
stress ( max) and linear contraction were evaluated. The levels of CTE mismatch between 
veneering ceramics and framework showed no relevant influence on  max and linear 
contraction. The Tg values of the veneer ceramic showed to be directly proportional to 
amount of  max and linear contraction. The GEC presented the highest values of  max and 
linear contraction. The GVM and GLC did not present significant differences between them. 
The CTE levels of veneering ceramics between 5 and 15% lower than framework did not show 
a relevant influence on residual stresses and linear contraction. The Tg showed a significant 
effect on  max and linear contraction. 
 
Keywords: Veneer ceramic. Finite element analysis. Dental implant. Complete denture. Yttria 
stabilized tetragonal zirconia. 
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1. INTRODUÇÃO 
Com a inclusão dos implantes osseointegrados na Odontologia, novas alternativas 
nos planejamentos e resoluções protéticas foram disponibilizadas para as perdas dentárias. 
As próteses implanto-suportadas são uma forma de tratamento bem sucedida, apresentando 
altas taxa de sobrevivência e oferecendo condições biomecânicas favoráveis (Wennerberg e 
Albrektsson, 2011; Rocha et al., 2013). 
Dentre as possibilidades de tratamento para o desdentado total, as próteses totais 
fixas (implanto-retida e implanto-suportada) são uma das formas de reabilitação que visa, por 
meio dos implantes dentários, a superar as limitações das próteses totais convencionais, 
proporcionando maior retenção, estabilidade e eficiência mastigatória (Novaes, 2008). 
 As próteses totais fixas podem ser realizadas com diferentes materiais, podendo 
ser metalo-plásticas, metalo-cerâmicas e de cerâmica pura. As próteses metalo-plásticas são 
compostas por uma infraestrutura na qual tradicionalmente são confeccionadas de ligas não 
nobres, como titânio ou cobalto-cromo e recoberta por resina acrílica, tendo como 
característica um custo mais acessível quando comparadas às metalo-cerâmicas e cerâmica 
pura (Hulterström e Nilsson, 1991). Porém, resinas acrílicas apresentam acentuada alterações 
em médio e longo prazo, com perda das propriedades estéticas, pigmentação, rugosidade 
acentuada e desgaste dos dentes artificiais (Bettencourt et al., 2010). Objetivando melhores 
propriedades dos materiais para confecção e superar as desvantagens apresentadas pelas 
próteses metalo-plásticas, as próteses metalo-cerâmicas também possuem uma 
infraestrutura metálica; porém, com recobrimento cerâmico o que proporciona melhores 
propriedades estética, menor degradação e maior estabilidade de cor. 
 Da mesma forma, próteses totalmente de cerâmica também são utilizadas 
devido à combinação de propriedades estéticas, resistência e biocompatibilidade (Isgrò et al., 
2005ª; Dittmer et al., 2009). Como alternativa para as infraestruturas metálicas, a zircônia 
tetragonal policristalina estabilizada por ítrio vem sendo amplamente utilizada (Vagkopoulou 
et al., 2009; Benetti et al., 2013) devido a maior resistência à fratura (Kelly e Denry, 2008; 
Cavalcanti et al., 2009), podendo ser indicada para infraestruturas unitária, parcial ou de 
prótese total fixa. No entanto, devido às propriedades ópticas, sobre a infraestrutura de 
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zircônia é necessário realizar uma cobertura estética, geralmente de cerâmica feldspática que 
apresenta condições ópticas exigidas pela estética; porém, com menor resistência à fratura.  
A ocorrência de falhas das próteses de cerâmica pura com infraestrutura em 
zircônia associada com recobrimento estético submetidas ao carregamentos mastigatório 
envolve fratura, trinca ou delaminação da cerâmica de cobertura (Sailer et al., 2007; Swain, 
2009; Fischer et al., 2009; Benetti et al., 2013). A incidência de falhas que ocorre na cerâmica 
de recobrimento tem sido um problema para o sucesso clínico desse tipo de restauração 
(Goodacre et al., 2003; Sailer et al., 2007; Della Bona e Kelly, 2008; Christensen e Ploeger, 
2010; Heintze e Rousson, 2010), apresentando índices maiores de falha (6% a 15% em 
períodos de 3 a 5 anos) do que os encontrados para próteses metalo-cerâmicas (4% de falhas 
após 10 anos) (Sailer et al., 2007; Sorrentino et al., 2012). 
Diversos fatores têm sido sugeridos como causas para as fraturas, trincas ou 
laminação na cerâmica de cobertura: (1) incompatibilidade térmica entre infraestrutura e 
material de recobrimento (Taskonak et al., 2005; DeHoff et al., 2008; Benetti et al., 2010), (2) 
espessura excessiva da cerâmica de cobertura (Swain, 2009; Benetti et al., 2011), (3) 
geometria inadequada da infraestrutura (não anatômica), promovendo falta de suporte para 
a cerâmica de cobertura (Shirakura et al., 2009; Bonfante et al., 2010; Silva et al., 2011; Silva 
et al., 2012), (4) protocolo de esfriamento inadequado (Göstemeyer et al., 2010; Guazzato et 
al., 2010; Tholey et al., 2011) e (5) processo de sinterização impróprio (Cheung e Darvell, 
2002). 
 Diante dessas condições e levando em consideração a possibilidade de obter 
controle de algumas variáveis, como espessura da cerâmica, infraestrutura anatômica, 
protocolo de esfriamento e processo de sinterização adequado, um dos fatores apontados 
como principal responsável pelas falhas em ambiente clínico seria a tensão residual entre 
infraestrutura e cerâmica de cobertura, resultante do processo de sinterização (DeHoff et al., 
2008). Essa tensão é devido a diferença de CET linear da zircônia e da cerâmica de cobertura, 
fazendo com que a contração das estruturas não sejam similares (Bonfante et al., 2012). 
Também é importante mencionar que o CTEs das cerâmicas são avaliados em graus; portanto, 
a Tg de cada cerâmica deve ser considerada como um fator que irá influenciar no valor final 
da contração da cerâmica (Fischer et al., 2007; Fischer et al., 2009).  
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As tensões geradas entre os ciclos de sinterização de cada camada de aplicação da 
cerâmica de cobertura não tem sido consideradas de forma significativa como um fator 
somatório da tensão para a prótese, devido ao fato que o aquecimento do processo de 
sinterização seguinte promoverá relaxamento dessas tensões residuais. Dessa forma, tem sido 
sugerido que as tensões residuais relacionadas à trinca, fratura ou laminação desse tipo de 
prótese sejam atribuídas ao último processo de sinterização (Tholey et al., 2011). 
De maneira geral, tem sido sugerido para próteses de cerâmica pura que o CTE da 
infraestrutura seja ligeiramente superior ao da cerâmica de cobertura (ɑ infraestrutura  - ɑ 
recobrimento = + △ɑ) (DeHoff et al., 2008; Fischer et al., 2009; Benetti et al., 2010); porém, 
poucos estudos tem sido publicados com o intuito de determinar valores limites para as 
diferenças dos coeficiente de expansão térmica (DeHoff et al., 2008).  
A dimensão da infraestrutura pode influenciar a quantidade de tensão, sendo que 
estruturas como próteses totais fixas totalmente em cerâmicas podem proporcionar diferente 
magnitude e concentração de tensão que coroas unitárias; porém, este tipo de reabilitação 
ainda não foi avaliado na literatura. Vale ressaltar que, com a prótese em função a estrutura 
receberá também carregamentos mastigatórios, havendo não só as tensões residuais do 
processo de manufatura como também as tensões geradas pelo esforço da mastigação.  
Uma forma de avaliar as tensões de modo preciso e confiável seria por meio da 
análise por elementos finitos que permite investigar o efeito em modelos tridimensonais (3-
D) específicos (Taddei et al., 2006). Este método possibilita prever e quantificar as tensões 
induzidas em todo o sistema (infraestrurura/recobrimento), além de entender a relação entre 
tensões residuais de contração e tensões geradas pelo carregamento mecânico.  
O propósito neste estudo foi avaliar por meio  da análise por elementos finitos 
(AEF) a influência do CTE e da Tg da infraestrutura de zircônia e das cerâmicas de cobertura 
nas tensões residuais em prótese total fixa após o processo de sinterização e carregamento 
mecânico.  
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ABSTRACT 
The aim of this study was to evaluate the influence of the coefficient of thermal expansion 
(CTE or α) and glass transition temperature (Tg) of three veneering ceramics used for zirconia 
frameworks of full-arch fixed prostheses. The generation of residual stresses and linear 
contraction after the simulation of the cooling process and mechanical loading were 
measured. The analysis was based on the finite element method, where a three-dimensional 
model of a maxillary full-arch fixed prosthesis with zirconia framework (e.max ZirCAD) 
veneered by felsdpathic ceramics (Vita VM9, IPS e.max Ceram or Lava Ceram) was 
confectioned. The linear contraction simulation was performed by cooling the structures from 
the Tg of each veneer ceramic at room temperature (25°C). The veneering ceramics used a 
CTE of 5, 10 and 15% lower than the zirconia. Then, a loading of 100 N on the occlusal region 
of the first molar was performed. The magnitude of the maximum principal stress ( max) and 
linear contraction were evaluated. The levels of CTE mismatch between veneering ceramics 
and framework showed no significant influence on  max and linear contraction. The Tg values 
of the veneer ceramic were directly proportional to the amount of  max and linear contraction. 
The GEC presented the highest values of  max and linear contraction. The GVM and GLC did 
not present significant differences between them.  The CTE levels of veneering ceramics 
between 5 and 15% lower than framework did not show a relevant influence on residual 
stresses and linear contraction. The Tg showed a significant effect on  max and linear 
contraction. 
 
Keywords: veneer ceramic, finite element analysis, dental implant, complete denture, yttria 
stabilized tetragonal zirconia. 
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INTRODUCTION   
All-ceramic dental prostheses has been widely used, due to the combination of 
aesthetic properties, flexural strength and biocompatibility 1,2. As an alternative for the 
metallic frameworks, the use of yttria-stabilized polycrystalline tetragonal zirconia (Y-TZP) has 
increased 3,4, due to its high resistance to fracture 5,6, indicated for as framework for single, 
partial or full-arch fixed prostheses. 
However, the incidence of failures occurring in veneering ceramics on zirconia 
frameworks has been considered as an unsolved problem for the clinical success of this type 
of restoration 7–11, presenting higher failure rates (6% to 15% in periods of 3 to 5 years) than 
those found for metal-ceramic prostheses (4% of failures after 10 years) 11,12. Generally, the 
failures of bilayered all-ceramic dental prostheses with zirconia frameworks are the fracture 
(chipping), cracking or delamination of the veneer ceramic 3,11,13,14. 
Several factors have been suggested as causes for fractures, cracks or 
delamination in veneer ceramics, such as: (1) thermal expansion mismatch between 
framework and veneer ceramic 15–17, (2) excessive veneer ceramic thickness 13,18, (3) 
inadequate geometry of the frameworks (not anatomical), promoting lack of support for the 
veneer ceramic 19–22, (4) inadequate cooling protocol 23–25 and (5) improper firing process 26. 
It is possible for clinicians and technicians to control some variables such as 
ceramic thickness, anatomical frameworks, cooling protocol, and a suitable firing process. 
However, one of the factors identified as the main responsible for the failures in clinical 
environment is the residual stress between frameworks and veneer ceramic occurred during 
the firing process, which depends also of some materials properties 16. This stress has been 
credited to difference in the CTE of the zirconia and of the veneer ceramic; thus, the structures 
do not contract in the same proportion 27. It is important also to note that the CTE of the 
ceramics are measured in degrees, so the Tg of each ceramic must be taken into account as a 
factor that will influence the final contraction value of the ceramics 14,28. 
The stresses generated between the firing cycles of each coating layer application 
of veneer ceramic is not considered as a significant factor for the prostheses due to the heating 
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of the next firing process, which relief the residual stresses. Therefore, it has been alleged that 
the residual stresses related to cracking, fracture or delamination of this type of prostheses 
are associated to the last firing process 25. 
In general, it has been suggested for bilayered all-ceramic dental prostheses that 
the CTE of the framework is slightly higher to that of the veneer ceramic (ɑ framework - ɑ veneer = 
+ △ɑ) 14,16,17, but few studies have been published in which the main purpose was to determine 
the limit values of CTE mismatch 14,16.   
The thermal compatibility of bilayered all-ceramic dental prostheses was 
evaluated by measuring the deflection of disks varying the △ɑ from -3.7 to 3.8 ppm /°C-1 
between framework and veneer ceramic 29. It was observed that the deflection of the disks is 
related to the values of thermal incompatibility between framework and veneer ceramic. 
However, the same happened, in a lower value, for the control group (characterized by the 
combination of ceramics indicated by the manufacturer). The authors suggested that even the 
manufacturer's recommended value is not sufficient to predict the compatibility between 
framework and veneer ceramic 29.  
The size of the framework can influence the amount of stresses, and it is possible 
that frameworks used for full-arch implant-supported all-ceramic rehabilitation tend to 
provide different magnitude of stresses than single crowns; however, this type of 
rehabilitation has not yet been evaluated in the literature. It is worth mentioning that, with 
the prostheses as a function of the structure, it will also receive masticatory loads, not only 
the residual stresses from the manufacturing process, but also the tensions generated by the 
mastication effort.  
For a better understanding of these interactions, the purpose of this study was to 
evaluate the influence of the CTE mismatch and Tg between zirconia framework and veneer 
ceramic in the residual stresses in bilayered full-arch fixed prostheses after the simulation of 
the cooling process and the mechanical loading, through finite element analysis (FEA).  
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MATERIALS AND METHODS 
Confection of the geometric model 
The three-dimensional model was confectioned for a full-arch rehabilitation in 
maxilla. A full-arch implant-supported prosthesis was waxed on six implants equidistantly 
distributed. The positioning of the implants and the preparation of the prostheses were 
performed based on an edentulous maxilla study model. 
The confection of the geometric model was carried out in two stages to obtain the 
dimensions of the framework and the veneer material. For convenience reasons, the 
prostheses was firstly waxed in its final shape (veneer final dimension), and then reduced in 
two millimeters (mm) to obtain the framework final dimension (Figure 1). 
 
 
Figure 1. Full-arch fixed prostheses wax-up: (A) dimensions for final veneer ceramic (front 
view), (B) dimensions for the framework (front view), (C) dimensions for final veneer ceramic 
(occlusal vision), and (D) dimensions for the framework (occlusal vision). 
 
Both structures were scanned using a 3D scanner (MODELA MDX-20, Roland, 
Japan) and the geometries were imported into the Autodesk Meshmixer 3.0 software (San 
Diego, USA) to generate the final post-scan images. Further corrections were made on the 
original geometry in Rhinoceros 5.0 (Seattle, United States) to remove inappropriate surfaces, 
which would hamper the generation of a quality mesh. 
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Finite element analysis (FEA) 
After the 3D model assembly, the files were exported to pre-processing software 
(Hypermesh 14.0 HyperWorks 14.0, Altair, Troy, Michigan, USA), where the boundary 
conditions, material properties and loading conditions were defined. 
The mesh was defined as tetrahedral elements with 10 nodes with a minimum 
element size of 0.15 mm and a maximum of 0.25mm, totaling 1,522,898 nodes and 1,002,115 
elements. The geometric model was sectioned at sagittal plane and symmetric condition 
applied (Figure 2). 
 
 
Figure 2. Finite element mesh: (A) veneer ceramic and (B) framework. 
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The FEA simulations were a two-step process, performed by cooling process and 
followed by mechanical loading. For the analysis, all materials were considered linearly elastic, 
isotropic and homogeneous. The analyzed groups were defined by the variation of the 
veneering ceramics, using three different commercially available feldspathic ceramics. For all 
analyzes were used zirconia framework (IPS e.max ZirCAD). The veneering materials were 
adopted with CTE smaller to the framework (ɑ framework - veneer = △ɑ +) at levels of △ɑ + 
0,6 ppm °C-1 (Lava Ceram), △ɑ + 1,1 ppm °C-1 (IPS e.max Ceram) and △ɑ + 1,5 ppm °C-1 (Vita 
VM9), representing approximately 5, 10 and 15% less than the framework, respectively. The 
veneering ceramics used presented non-uniform variation in the Tg. The mechanical 
properties of the materials are showed in Table 1. 
 
Table 1. Mechanical properties of the materials. 
Material property 
Veneering ceramic  Framework  
IPS e.max Ceram 
(GEC) 
Vita VM9 
(GVM) 
Lava Ceram 
(GLC) 
IPS e.max 
ZirCAD 
Tg (◦C) 750b 603a 565a 1170a 
ɑ (10−6 °C−1) 9.7b 9.3a 10.2a 10.8a 
Poisson’s ratio 0.24b 0.21a 0.27a 0.32a 
Elastic modulus (GPa) 68b 66.5a 64a 200a 
a Ref. 30, b Ref. 31 
 
The simulation of the cooling process was performed from the Tg of each veneer 
ceramic, since there is no production of residual stress above the Tg due to the viscoelastic 
property of the ceramic at that temperature, that is, the ceramic is not yet a solid, so there is 
no creation of tension 30. The Tg was decreased at room temperature of 25°C, adopting the 
variation Δθ for this difference of values (∆θ = 𝑇𝑔 − 25). After cooling simulation, the 
mechanical loading was applied generating results influenced by both phenomena (Figure 3). 
For the mechanical loading simulation, an axial force of 100 N was applied on the first molar 
unilaterally and the prosthetic abutments site was considered as fixed support (no degrees of 
freedom). 
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Figure 3. Analysis flowchart. 
 
The FEA processing was performed by the software Optistruct (HyperWorks 14.0, 
Altair, Troy, Michigan, USA), and the results of maximum principal stress (𝜎𝑚𝑎𝑥) and linear 
contraction were analyzed in the post-processing software HyperView (HyperWorks 14.0, 
Altair, Troy, Michigan, USA).  
 
RESULTS 
Maximum principal stress ( max)  
The GEC showed the highest value of  max either in the veneer ceramic or in the 
framework. GVM and GLC did not present any relevant difference between them. The values 
for max are shown in Table 2. The residual stress results were shown to be directly 
proportional to the Tg of the veneer ceramic and were not significantly influenced by the 
mismatch of CTE.  
 
Table 2. Maximum principal stress and linear contraction in the veneering ceramics and 
framework. 
 
IPS e.max Ceram 
(GEC) 
Vita VM9 
(GVM) 
Lava Ceram 
(GLC) 
Linear contraction (mm) 0.00226 0.00181 0.00174 
Maximum Principal Stress (MPa) 2939 2366 2235 
 
24 
 
 
 
The higher concentrations of residual stress in the veneering ceramics occurred in 
the regions of occlusal loading (Figures 4 and 5), and at the base of the prostheses (Figure 4). 
For the framework, the higher stress was in regions of the abutments (Figure 6).  
 
 
Figura 4. Maximum principal stress (MPa) distribution in veneer ceramic: (A, B) IPS e.max 
Ceram, (C, D) Vita VM9 and (E, F) Lava Ceram. 
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Figure 5. Maximum principal stress (MPa) distribution in the region of occlusal loading: (A) 
IPS e.max Ceram, (B) Vita VM9 and (C) Lava Ceram. 
 
 
Figura 6. Maximum principal stress (MPa) distribution in framework: (A) IPS e.max Ceram, 
(B) Vita VM9 and (C) Lava Ceram. 
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Linear contraction  
The amount of linear contraction of the veneering ceramics and of the framework 
was directly influenced by the Tg values of the veneer ceramic; however, it was not influenced 
by the mismatch of CTE evaluated. The values obtained in the thermal contraction analysis are 
shown in Figure 7 and Table 2. The main regions of linear contraction occurred at the dental 
structures, especially in anterior teeth.  
 
 
Figure 7. Linear contraction analysis: (A) IPS e.max Ceram (veneer ceramic), (B) IPS e.max 
Ceram (framework), (C) Vita VM9 (veneer ceramic) e (D) Vita VM9 (framework), (E) Lava 
Ceram (veneer ceramic) and (F) Lava Ceram (framework). 
 
DISCUSSION 
It was observed that the Tg of the veneering ceramic influenced the   max, linear 
contraction and the region of maximum residual stresses during the simulated cooling in FEA. 
Therefore, the residual stresses in the prostheses were dependent on the temperature that 
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the cooling simulation was started, that is, the higher the Tg, the greater the final stress and 
contraction values generated. 
In the analysis with the GEC, which represents the combination of the same 
manufacturer for veneer ceramic and framework, the highest values for  max and linear 
contraction either in the veneering ceramics or in the framework were observed. This is 
credited to the fact that GEC has the higher Tg (750°C), resulting in a higher value of ∆θ . The 
GLC was the group with the lowest values of  max and linear contraction in the veneer ceramic 
and framework, credited to the lower Tg value (565°C). Although the GVM group showed a 
larger mismatch of CTE between veneer ceramic and framework (△ɑ + 1,5 ppm/°C-1) when 
compared with GEC (△ɑ + 1,1 ppm °C-1), it was observed lower values of stress and linear 
contraction due to its lower Tg (603 °C). Thus, CTE levels evaluated showed no significant 
influence on residual stresses in all groups analyzed. 
The findings of this study are in agreement with a previous report, which 
suggested that Tg influences the total value of contraction between veneer ceramic and 
framework materials, causing higher stress. In addition, it was reported a correlation between 
the thermal properties (Tg) of the veneering ceramics and the shear strength of 
zirconia/veneer ceramic composites, and no clear correlation between shear strength and CTE 
mismatch 14. 
Ereifej et al. 31 compared two ceramic core/veneer interfaces having different CTE 
and its relationship with the shear bond strength: for both groups the veneer was e.max 
Ceram (CTE 9.4 ppm/°C-1) and the core varied between e.max ZirCAD (CTE 10.8 ppm/°C-1), and 
e.max CAD LS/Ceram (CTE 10.45 ppm/°C-1). However, despite of mismatch CTE between 
ceramics, the authors showed no statistically significant difference between the groups in 
shear stresses for e.max ZirCAD  and e.max CAD LS/Ceram. Based on these findings, it might 
be suggested that there is a range of CTE mismatch considered acceptable for practical 
application.  
Moreover, the acceptable mismatch could be related also to the size of the 
restoration (single, partial, or complete arch), which has not been considered in literature. 
However, framework and veneer ceramic with compatible CTE had great values of deflection 
in discs, and the same occurred in larger CTE mismatches (from -3.7 to 3.8 ppm/oC-1). Thus, 
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CTE is not enough to predict compatibility because other variables like viscoelastic behavior 
of ceramic and laboratory procedures are relevant 29.      
In contrast, it was observed a significant influence of CTE mismatch on contact 
angle measurement and the shear bond strength of core-veneer ceramics 17. In addition, the 
mismatch of CTE between core and veneer, associated to differences between the Tg at room 
temperature may have an impact on stress formation in the sample 15.  
However, the influence of CTE on the residual stress on bilayered all-ceramic 
dental prostheses will depend on the amount of the mismatch value, and the mismatch CTE 
of framework and veneer ceramic used in this study does not show influence on the residual 
stresses and thermal contraction. Moreover, a higher mismatch change between the ceramics 
(ɑ core - ɑ veneer = + △ɑ), using CTE mismatch values positive (+3.8 ppm /°C-1) and negative 
(-3.7 ppm /°C-1) showed a larger deflection of the ceramic flat core, besides the significant 
contraction caused also by core and veneers with compatible CTE 29. 
Several values have been suggested as safe CTE mismatch in literature, such as △ɑ 
±0.6 ppm/°C-1 (Steiner et al., 1997) 32, △ɑ +0.3 ppm/°C-1 (Belli et al., 2013) 33, △ɑ +1.0 ppm/°C-
1 (Swain, 2009) 13, and △ɑ  −0.61 ppm/°C-1  to +1.02 ppm/°C-1 (DeHoff et al., 2008) 16. However, 
several factors may influence clinical failures, and only mismatch CTE is not sufficient for 
clinical failure or success of all-ceramic systems. Moreover, to obtain clinical longevity in 
zirconia all-ceramic bilayered restoration, any distortion of the layered ceramic structure 
during the processing should be avoided 29.    
The region submitted to occlusal load and the prostheses base showed higher 
stress concentration in porcelain veneer. The first fact occurred by the direct pressure on the 
veneer structure, and the second fact might be due to the prosthesis deflection and resulting 
stress at the prostheses base. The framework showed the maximum stresses in the abutment 
region in contact with implants, which is the mainly region that supports the force transmitted 
by the occlusal loadings. In the linear contraction analysis, it was observed that the anterior 
teeth showed higher values of linear contraction either for veneer or framework structures. 
Possibly this fact occurred due the dental crown anatomy of the anterior teeth with a thin 
shape, and a smaller diameter when compared to the posterior teeth, favoring greater 
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displacement during cooling. Moreover, these teeth are positioned in a curve region of the 
alveolar arch, where most significant contraction level is supposed to occur. 
The cooling rates of the ceramics are not considered in the simulation; therefore, 
this fact can be considered as a limitation of this study. For the cooling process, the difference 
of the Tg at room temperature (∆θ = 𝑇𝑔 − 25) was considered, and no cooling rate was 
adopted. However, it was supposed that the limitation would not interfere in the results 
because it was assumed equal for all groups. In addition, only occlusal static loading was 
applied. Clinically, masticatory cycles involve dynamic loads, which may result in different 
biomechanical behavior and stress distribution for bilayered all-ceramic restorations.  
 
CONCLUSION 
Considering the conditions evaluated in this study, the following conclusions can 
drawn:  
 The CTE of veneer ceramic between 5 to 15% lower than that of the 
zirconia framework showed no significant influence on the stress concentration and 
linear contraction; 
 The stress concentration and the linear contraction were directly 
proportional to the Tg of the veneer ceramic;  
 Prostheses base and load contact point for the veneer ceramics and the 
region of abutments were the regions most influenced by residual stress. Linear 
contraction was higher at regions of the anterior teeth for both structures. 
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3. CONCLUSÃO 
De acordo com as condições avaliadas neste estudo, pode-se concluir que: 
 Níveis de CTE da cerâmica de cobertura entre 5 e 15% menores que o 
da infraestrutura de zircônia não tiveram influência relevante na concentração de 
tensão residual e contração linear; 
 A tensão residual e contração linear foram diretamente proporcionais 
aos valores da Tg da cerâmica de cobertura;  
 As regiões mais afetadas pela tensão residual foram a base da prótese 
e o local de contato do carregamento oclusal para a cerâmica de cobertura, e região 
de abutments para infraestrutura. A contração linear foi maior em regiões dos dentes, 
principalmente nos anteriores.  
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ANEXO 1 
Comprovante de submissão do artigo 
 
 
 
 
 
 
 
 
 
 
 
 
